Introduction
The biofuels industry is growing rapidly as a result of high petroleum prices and increasing concerns about global climate change. Ethanol from sugarcane in Brazil and corn in the United States, and biodiesel from rapeseed in European Union countries have been successfully commercialized as petroleum product substitutes with government support. In Africa, Jatropha curcas (jatropha) is considered to be one of the most viable candidates for biodiesel feedstocks mostly due to its adaptability to semi-arid lands. Biodiesel promoters regard this "low productive land" (or often called "marginal" or "waste" land) to be largely available for new agricultural development.
Jatropha is a large shrub or small tree reaching a height up to 5 meters (Heller, 1996) . After having been introduced to Africa centuries ago, it is now widely observed in semi-arid lands throughout the drier area of continent. In Kenya, it is naturalized in bushlands and along rivers in the western, central and coastal parts of the country in altitudes of 0-1,650 meters above sea level (Maundu and Tengnäs, 2005) . Planting of jatropha has been taken place in some locales across Africa. For example, around the N'gurmani area of Kajiado District in Kenya, the local population has extensively planted jatropha as a hedge and boundary marker. In Tanzania, Uganda and Madagascar, jatropha is intercropped with vanilla (Vanilla planifolia) to serve as a pole for vanilla vines and to provide shade for vanilla leaves. In these and other African countries, the extracted oil from jatropha seeds has been used for soap making. In the 1990s, GTZ (German Technical Cooperation) conducted experiments in Mali on the use of jatropha oil as a renewable fuel for powering diesel engines (Henning, 2002) . However, it is only recently that the production of jatropha as a biodiesel feedstock has been widely promoted by private enterprises, non-governmental organizations and overseas development assistance agencies working in Africa, including Kenya. Jatropha production has been promoted for its perceived economic and ecological advantages.
From the perspective of private investors, it is a newly available energy crop that is expected to be less expensive to produce than other energy crops such as rapeseed and soybeans. This argument is based on the availability of low-cost labour and land in Africa. Like other energy crops, jatropha's contribution to mitigation of greenhouse gas (GHG) emissions is strongly emphasized, with the assumption that new regulations and carbon offset markets will provide price premiums for renewable sources of energy. The Clean Development Mechanism (CDM) of the Kyoto Protocol is expected to promote investment in renewable energy supplies by Annex I developed countries in non-Annex I developing countries with potential to produce biofuel feedstocks. If the acquisition of Certified Emission Reductions (CERs) is assured, the CDM would give additional investment incentives for investors in developed countries who otherwise would not invest in biofuel projects due to the high risk of return. 1 Not only private enterprises, but also non-governmental organizations and development agencies are interested in supporting jatropha development in Africa as a means for rural development and poverty alleviation. Jatropha biodiesel production is expected to contribute to the improvement of rural livelihood because the main production location for jatropha is in semi-arid lands where poverty levels are high and land productivity low.
Thus jatropha appears to be the potential crop that enables "win-win" relationship among all the actors in the value chain-the biofuel industry to gain profit, society as a whole to achieve GHG mitigation and energy security, and the producers to improve their livelihoods. However, our analysis shows that current conditions are not consistent with this win-win outcome. From the investor perspective, it may not be worthwhile to invest in jatropha biodiesel production under a large scale of operation can be achieved. For the society as a whole, the larger the production scale, the greater the benefit generated by newly available bio-energy. However, smallholder farmers may receive minimal benefits from large-scale jatropha biodiesel production if they simply compete for jobs on large plantations or produce seeds under contract to private processors. In other words, the desired rural economic benefits may not be achieved by through the simple introduction of jatropha production to local communities. Unless farmer groups are able to operate small-scale oil extraction operations (preferably with transesterification), the rural economic benefits are likely to be absorbed by the bigger entities in the industry.
Our argument on the minimal benefit to local farmers in large-scale jatropha biodiesel production is based on the profitability of jatropha seed production as a farm enterprise. The biofuel industry is interested in jatropha production because it is expected to be less expensive feedstock. The cost of feedstock production largely determines the viability of biodiesel production where the feedstock cost is calculated to be 65-78% of overall production expense depending on the size of the facility (Pruszko, 2006) . In India, where commercial jatropha production has taken place since 2003, concerns about the possibility of over-estimation of yield and profitability are being raised among project developers (Singh, Swaminathan and Ponraj, 2006) . 1 As of the end of 2006, none of the CDM methodologies using biofuel for energy use had been approved (UNFCCC, 2007) . The clarification of double-counting of CERs that could occur at different points in the production chain is required for methodologies to be approved (UNFCCC, 2006) . In the thirtieth meeting held on 23 March 2007, the CDM Executive Board agreed not to approve two proposed methodologies on biodiesel production projects: "biodiesel production and switching fossil fuels from petro-diesel to biodiesel in transport sector -30 TPD biodiesel CDM Project in Andhra Pradesh, India (NM0108-rev)" and "Sunflower methyl-ester biodiesel project in Thailand (NM0129-rev)." The Excecutive Board has further clarified the guidance provided in annex 12 of the twenty-sixth CDM Executive Board meeting report that project activities claiming CERs from the production of biofuel are eligible for the CDM but not CERs from consumers (end-users) of these biofuel (UNFCCC, 2007) . If and when methodological problems are solved, the investment is expected to expand.
The current discussion on bio-energy is dominated heavily by the energy and climate change perspectives. However, what is missing in the bio-energy debate a discussion of the viability of feedstock production from the perspective of smallholder farmers in developing countries.
These farmers are expected to engage in the feedstock production at the first stage of biofuel value chain, whether it is jatropha, palm oil or other crops. As controversies arise about the promotion of jatropha biodiesel production arise between conservators and enthusiasts in other parts of the world, more investments are turning to Africa. 2 There is therefore an urgent need to examine the viability of jatropha production and value chains, focusing on the economic incentives and socio-economic impacts on smallholder farmers who engage in the production.
The objectives in this paper are to determine if it is a rational choice for smallholder Kenyan farmers to engage in jatropha production and to discuss the potential for jatropha to contribute to the improvement of local livelihoods.
This paper consists of two parts. The first part discusses the viability of biodiesel value chain in current Kenyan market conditions by examining the price competitiveness of biodiesel in the Kenyan market and the profitability of jatropha production as a biodiesel feedstock in terms of expected yield, revenue and opportunity cost of production. After presenting the results of the analysis, the second part of paper discusses how jatropha could positively be introduced to local communities for improvement of rural livelihoods. Possible value chain channels based on the scale of production and operating actors are identified, and according impacts to local communities are discussed. While the quantitative results are specific to Kenya, there are implications of general relevance to other parts of Africa.
Method of Study
Data and information for this study were collected through interviews with stakeholders and visits of jatropha production sites in Kenya. 
Viability of biodiesel value chain
Biodiesel production is considered to be economically viable when it is price competitive with petroleum products. The cost of biodiesel production is greatly affected by the cost of feedstock production. As the feedstock for biodiesel could be any vegetable or animal fat, jatropha oil is only economically viable when it is price competitive with available alternative oils. This section first examines the viability of biodiesel production in the current Kenyan market, analyzing the competitiveness of biodiesel with petroleum products and the market price of jatropha oil and seeds in Kenya. It then examines the profitability of jatropha production as biodiesel feedstock for smallholder farmers. In Kenya where no government intervention exists, the ex-factory price of biodiesel has to be competitive with the landed price of petroleum diesel oil in order for oil companies to purchase biodiesel as an alternative to petroleum diesel oil. As seen in Figure 2 , the average landed price of diesel products in 2005 was US$0.37 (Kshs.28) for automotive gasoil (light diesel) and US$0.40 (Kshs.31) for industrial diesel (heavy diesel). In the above scenario of biodiesel production where the ex-factory price, including the value-added tax (VAT) was US$0.81-1.32
Price competitiveness of biodiesel
per litre, biodiesel was not price competitive with petroleum automotive gasoil in 2005, which landed price with tax and levies, is US$0.68 (Table 1) . However, the worldwide experiences with biofuel manufacture to date is that biofuel development has required active government support in the form of tax exemptions, mandates, and direct subsidies (Kojima,2006 (Kenya, 2006b) . If the price of petroleum products increases without corresponding increases in the price of vegetable oils, biodiesel will become more and more price competitive with petroleum diesel. Kenya (1996 Kenya ( -2005 and retail price of automotive gasoil in Nairobi (2003 Nairobi ( -2006 .
Source: Landed prices provided by KEPC in February, 2007; retail prices in 2003 retail prices in -2005 retail prices in (Kenya, 2006a ; and retail prices in 2006 (Kenya, 2006b) Note: Automotive gasoil refers to light diesel oil for high speed engines; industrial diesel refers to heavy diesel oil for low speed marine and stationary engines. The annual average retail price of automotive gasoil in Nairobi was calculated by monthly data from January, march, June, September and December. The data of December 2006 is not included in the average for 2006. 
Price of jatropha seeds and oil
In Kenya the average landed price of imported crude palm oil at the port in 2005 was US$0.46 (Kshs.35), which implies that the market price of crude jatropha oil could be no higher than $0.46 (Kshs.35) per litre. Although there had not been any market transaction of jatropha oil and seeds for biodiesel production by the time of this study, the recommended producer price for one kilogram of jatropha seeds is said to be around US$0.10-0.12 (Kshs.7-9) (Personal communication with experts in biodiesel industry). 5 Assuming a 90% extraction rate in the relatively inefficient mechanical oil press, 3.5 kilograms of jatropha seeds with 32% oil content would be required to produce 1 litre of jatropha oil (assuming the actual extraction rate from seeds to be 29%). Without adding oil extraction processing costs such as labour, energy, depreciation, overhead and maintenance, the oil would cost US$0.35-0.42 per litre (Kshs.25-31) , which is US$0.11-0.04 less that the price per litre of crude palm oil in 2005.
Feedstock comprises 65-78% of the overall costs of biodiesel production (Pruszko, 2006) , Becker assumed a glycerol price of US$0.08 per litre of biodiesel. However, Kojima (2005) argues that the value of glycerine should not be included in cost / benefit analysis. As production increases, the price of glycerine is expected to fall.
Profitability of jatropha production as biodiesel feedstock
Currently three different modes of jatropha production are taking place in Kenya: monoculture, mixed intercropping, hedges and intercropping with vanilla. In Makueni District where jatropha production has been introduced by non-governmental organizations, some farmers are converting their farms into jatropha plantations, although they intercrop jatropha with other food crops for the first year when jatropha is relatively small. Some farmers with limited landholdings have decided to experiment with growing jatropha as a hedge. However, the majority of farmers in the area are observing their neighbours' production of this new crop to see how profitable it will be. The intercropping of jatropha with vanilla was started in the coastal zone of Kenya since 2005. At this moment, there is neither biodiesel production nor purchase agreements between farmers and buyers. This section estimates the yield and expected revenues of jatropha production and analyzes the potential economic returns of adopting jatropha production by smallholder farmers.
Expected Yield
Different yields of jatropha are reported and estimated by different authors (Table 2 ). There has been neither a long history of production nor systematic data collected in different production conditions with varying climate, soil fertility, landform, altitude, water and fertilizer inputs etc.
Francis, Edinger and Becker (2005) estimates the annual seed production per plant to range from about 200 grams to more than 2 kilograms. Yield varies significantly depending on the water input, which determines the number of fruiting period per year, which can vary from one to three. From the early experience of jatropha production by research institutes, private enterprises and local farmers in Maharastra state, Rao (2006) estimates that the average yield of jatropha seeds in drylands is unlikely to exceed 400 kilograms per acre per year. Prajapati and Prajapati (2005) estimated jatropha yields in rainfed and irrigated conditions in India. After 5 years, the production per tree ranged from 1.2 kilogams under rainfed conditions to 3.2 kilograms under irrigated conditions. The yield in rainfed conditions is around 40% as high as under irrigation, implying that jatropha can be grown in semi-arid lands but requires certain level of rainfall to produce high yields. In other words, the plant can survive but not give high yields under conditions of stress (Kureel, 2006) . In Mali where jatropha was planted as a hedge by GTZ in the 1990s, the production of seeds was calculated to be about 0.8 kilograms per meter of hedge (Henning, 2002) . Table 2 summarizes the yield levels estimated by different authors. The yields per tree are calculated as1,000 trees planted per acre by spacing 2 meter by 2 meter. b The yield was originally given as1000 kg /ha. c The yield was originally given as1000-1100 kg /ha. d The yield was originally given as 3,000 kg/ha with 2,500 plants. e The yield was originally given as 1500kg/ha. f The yield was originally given as 2,500 kg /ha. g The yield was originally given as 8,000 kg/ha with 2,500 plants.
Differences in seedling development are also observed according to the different agro-ecological conditions such as in Kitui, Makueni and Malindi Districts, where farmers have started growing jatropha recently (Table 3 ). The plants of jatropha are placed at 1.5-2.0 meter intervals in all of the sites. The growth of plants in Kitui (2) is observed to be significantly less than Kitui (1): in Kitui (1) the seedlings were planted at the beginning of rainy season and soil is relatively fertile. Makueni (1) had the worst growth among the sites, perhaps due to neglect of clearing weeds and waterlogging around the seedling. The largest difference of growth is observed in the Makueni sites. The height of Makueni (3) is 3 times greater than the height of Makueni (1), with Makueni (3) having the most fertilie soils and year-around irrigation. Note: There are two rainy seasons in Kenya, and the seasons and periods varies in each region. The average annual rainfalls during two rainy seasons are 800mm (April-May) and 500mm (November-December) in Kitui District, 329.3mm (April-June) and 372.4mm (October-December) in Makueni District and 1,200mm (April-July) and 1,400mm (January-March) in Malindi District. The altitude is 400m-1,800m in Kitui, 600m-1,900 in Makueni, and 0m-418m in Malindi (Kenya, 2002a,; 2006b , 2006c , 2006d .
A wide range of genetic variation has been observed for different provenances but not yet fully explored. Country-wide studies have been undertaken in India, identifying superior jatropha provenances with higher yield and oil content (Kureel, 2006 ). Among twelve provenances tested in 8 regions of Chhattisgarh, Madhya Pradesh, Andhra Pradesh, Orissa, Tamil Nadu, Uttaranchal, Rajasthan, and Uttar Pradesh in India, oil content ranged from 30.5% in Tamil Nadu to 42.3% in Uttar Pradesh (Tewari, 2007) . The yield and growth of jatropha varies by agro-ecological condition. In Malindi town, the average height of 30 jatropha plants of 13 years of age is reported to be only around 2 meters, while jatropha can reach a height of up to 5 meters.
The yield per year of these plants in Malindi is less than 1 kilogram with only one fruiting season in July / August, which is the end of long rains that start in April. 8 Heller (1996) suggests the cause of low yields observed in several projects is the use of unadapted provenances. Francis, Edinger and Becker (2005) highlight the need for careful selection and improvement of suitable germplasm before mass production is undertaken. The low height and low yield of the jatropha planted in Malindi could also be due to the unsuitability of the variety for the agro-climatic conditions of Malindi. Further research on yield, oil content and growth of different provenances under different agro-ecological conditions region is required before large-scale production could be recommended in Kenya.
Revenue and opportunity cost of jatropha production
Farmers' decisions about starting jatropha production depend upon the returns that they expect to generate. In this section we compare the revenues that Kenyan farmers are likely obtain by growing jatropha with the revenue streams and profit margins of other crops they can grow on the same land. Other production cost such as labour and agricultural inputs are not considered.
There is an indication that maintenance cost might be substantial as Rao (2006) reports that Jatropha has turned out to be as vulnerable as any other crop to pests and diseases once it is removed from its original habitat and put under high density and intensive cropping systems (Rao, 2006) . However, in the absence of comparable data on the costs of production, comparisons of revenue streams provides a first approximation of the relative economic attractiveness of the different crops. Table 4 presents estimates of the gross revenue that farmers in Kenya may generate from jatropha production, assuming a producer price of US$0.10-0.12 (Kshs.7-9) per kilogram and the highest yields that have been recorded in India under rainfed conditions (Tewari, 2007) and irrigated conditions (Prajapati, 2006 Note: All the trees are expected to be 10 years old. The information on mangoes, cashews and coconuts were provided by local farmers. Table 6 presents estimates of the gross margins (revenues less costs) that farmers can generate by growing selected food crops in the semi-arid area of Kenya's Machakos District. The results indicate that farmers might be better off producing food crops rather than jatropha. The gross margin of potatoes, cassava, and green grams are US$698 (Kshs.50,667), US$257 (Kshs.18,666), and US$115 (Ksh.8,327) respectively. In the case where farmers are able to grow crops for two seasons in the year of good rain, the gross margin may be doubled. An added financial advantage of these annual food crops is that they can be expected to generate positive revenue from the first year of production, while jatropha will not yield any return in the first years after planting. 10 Comparing the annual revenue of US$ 150-180 per acre from the 8 th year of jatropha produced in rainfed condition (which does not consider the production costs of jatropha), the planting of jatropha on farms where potatoes, cassava, or green grams could be grown would be an irrational choice for the farmers. 9 Learning from neighbouring country's experience such as Uganda, vanilla production is promoted as high value crop in Kenya for flavouring food products such as coca-cola, chocolate, yogurt, cakes and also as fragrance in cosmetics and perfumes industry (Kigomo et al., 2006) 10 Jatropha is considered to be a less labour intensive crop, with low production costs than the cash crops described below. However, pest and disease control could add to the cost of production if necessary. The early production experiments in Kenya suggest problems with red mites and fungus. Note: The cost includes seeds, seed dressing, plough, weeding, manure, fertilizer, pesticides, bags, storage, transport, labour (land preparation, planting, fertilizer and pesticide application, weeding and thinning, harvesting, drying etc.) etc. as well as interest on working capital (17%).
The above comparison of jatropha revenue with other food crops in Malindi and Machakos
District indicates that the production of jatropha is not a rational choice under current economic and policy conditions. For smallholder farmers with limited land sizes, conversion of land into jatropha production is risky. The average farm size cultivated by smallholder farmers is, for example, 5 acres in Kitui, 6 acres in Makueni, 2 acres in Kajiado, 20 acres in Malindi (Kenya, 2002a; 2002b; 2002c; 2002d) . It is important for farmers to make a rational choice in using their limited land; farmers should engage in jatropha production only after a purchasing agreement is made between farmers and buyers at a satisfactory price. However, if the production of jatropha becomes attractive for smallholder farmers with subsidies or large increases in petroleum and oil palm prices, more farmers will convert their land into jatropha production. Everything else equal, shifting land from the production of food crops into jatropha production will lead to a reduction in the supply of food crops and subsequent increases in the local price of food crops. In this sense, the production of jatropha cannot be justified as having "no competition with food." The recent increases in the prices of major agricultural products such as sugar and cereals in the world market due to increased biofuel production is an indication of the potential effects of large-scale jatropha on local food prices in Kenya. The crop change from food crop to energy crop should especially be avoided in semi-arid areas that experience production declines due to unpredictable and unstable rainfall.
In Kenya, there currently is experimentation with other feedstocks for biodiesel production.
The economic case for these crops may be stronger than for jatropha. For example, the production of canola as a biodiesel feedstock is being undertaken by a private enterprise in Nyeri District, where it appears to be more promising than jatropha due to its value as both a high-quality edible oil and potential biofuel source, and the high value of its by-product, edible seedcake which is used for animal feed. The current market price for canola seeds in Nyeri is cape chestnut (Calodendrum capense), and yellow oleander (Thevetia peruviana). These species are currently being grown experimentally around the Mount Kenya region, although they are already abundant in the forest area and grown on farm. Compared with jatropha that is currently introduced as a new "farm crop," the production of biodiesel from indigenous tree species might be less risky and more sustainable. The seedcake of croton can be used for animal feed as well, and thus is more valuable than the non-edible jatropha seedcake. However, there is a challenge to overcome with croton. Due to the hardness of its kernel, deshelling is required before oil can be extracted. The additional processing step adds the extra costs and difficulties in production (Muchiri, 2007b) . More research and development are necessary to make it economically viable.
How jatropha could contribute to improvement of local livelihoods
The results presented in the previous part of this paper show that current market conditions do not make jatropha production an attractive investment for smallholder farmers in Kenya, despite heavy promotion by several private firms and some non-governmental organizations.
The above conclusion was based on a key assumption about the value chain: that smallholder farmers would engage in jatropha seed production in order to sell to private biodiesel enterprises that would compete with wholesale supplies of diesel. However, other value chains exist for jatropha biodiesel production in which smallholder farmers might be able to obtain more attractive outcomes. After identifying the different value chain channels based on the scale of production and operating actors involved, this section discusses how jatropha production could contribute to the improvement of rural livelihoods and the kind of policy changes that might contribute to the achievement of that goal. 
Alternative value chains and potential impacts on local livelihoods
The different value chain channels based on current production cases are displayed in Figure 3 .
The value chain consists of four stages: production of feedstock (farming), oil extraction (first processing), transesterification (second processing), marketing to end-users, and distribution of products that connect each stage. The actors in the value chain include local farmers, domestic and international private enterprises, government agencies and national and international end-users, depending on the local context.
For commercial investors interested in selling biofuel to wholesale or international market outlets, large-scale production is likely to generate greatest profits. For society as a whole, large-scale production will provide greatest benefit in terms of increased access to a renewable source of energy. However, for smallholder farmers in local communities, small-scale production and processing may bring more benefits.
There are two scenarios for introducing jatropha production to local communities shown in the first stage of the value chain. The first scenario is large-scale production where private enterprises take initiatives to produce large amounts of biodiesel and local populations are incorporated into the production process as wage labourers on plantations or contract suppliers of seed. There is little data available on the possible economic impacts of large plantations of jatropha, although the maximum wages for employees would be determined by the international price of jatropha oil, which is not particularly attractive at present. As a vegetable fat, jatropha will be subject to price fluctuations in international agricultural products. As the degree of integration between local communities and the corporate production system increases, this dependency may increase the vulnerability of local communities to market fluctuations and other external shocks.
An analysis of the benefits and limitations of jatropha production should take account of the social and environmental impacts on local communities, in addition to the economic impacts.
Large-scale monoculture production systems rightly raise criticism and concern, and jatropha production should be no exception. If large-scale plantations are established to satisfy the demands for growing bio-energy in the world market, the accompanying land use change could well bring unfavourable social and environmental changes in the affected communities.
Project developers highlight the fact that jatropha can be grown on "marginal" or "waste" land, a claim which must be tested for validity. While there may appear to be a great amount of underused marginal land in developing countries where jatropha could be grown, most of these lands are currently used for communal livestock grazing (Benge, 2006) . However, for outsiders, the importance of grazing activity by local pastoralists and argo-pastoralists has not been obvious. Land that is not farmed may be considered to be "idle," producing little economic value. However, replacing pastoralism with farming activities could lead to degradation of natural resources. Van Noordwijk, Ni'matul and Lusiana (2006) raise concerns about the damage to local ecosystems brought by a large-scale monoculture mode of production.
Pastoralists have evolved sound ecological strategies to enable them to live in harmony with their environment by keeping different livestock species and practicing small-scale crop production on a sustainable basis (Barrows, 1996) . The land use change brought by the introduction of large scale plantations could undermine the sustainable management of land.
Another issue is availability of labour. Even if lands without farming or grazing are available for producing jatropha, the availability of adequate labour will become an issue since such land is likely to be located far away from settlement areas. Labour migration, and its attendant challenges, might therefore become an issue.
A second scenario is the case of small-scale decentralized biodiesel production. Local populations grow jatropha seeds which are collected through local collection systems, and jatropha biodiesel produced in small oil pressing and processing facilities. Facilities could be operated by community groups, cooperatives or private enterprises. Provided that transesterification is included in the biodiesel production process, the product can be sold in local retail markets as a substitute for imported petroleum-based diesel. Francis, Edinger and Becker (2005) emphasizes the need for establishing seed collection and oil pressing centres close to production sites in villages to encourage investment in remote areas. Small-scale expellers with capacity of up to four to five tonnes / day are available in India, some of which are operated by local government agencies (Mohan, Phillippe and Shiju, 2006) . The lack of availability of these expellers in local markets, and the lack of finance for their purchase, is a major constraint on decentralized production in Kenya. It is uncertain what combination of private, cooperative or public action might overcome these constraints in the Kenya context.
Potential of jatropha "oil" for the improvement of local livelihood
From the above discussion, it appears that the opportunity for local populations to maximize benefits from jatropha is to engage not only jatropha production but also in oil extraction. Even if transesterification is not realistic, locally extracted oil can be directly used in diesel engines or as a kerosene substitute for lamps and stoves (Heller, 1996) . The direct use of pure jatropha oil for lister-type diesel engines has been experimented by GTZ in Mali (Henning, 2002) . The direct use of oil in these engines is limited to areas with warm climates due to the viscosity of jatropha oil (Benge, 2006) . (excluding December) (Kenya, 2006b) . This compares favourably with the cost of producing biodiesel from imported palm oil (see Figure 1) . Jatropha oil might be most competitive with kerosene when produced in rural areas close to the source of seed supply and far from the source of kerosene production. Source: KEPC for Landed prices, provided in February, 2007; retail prices in 1988 retail prices in -2005 retail prices in (Kenya, 2006d for a long time and families may be slow to adopt new fuels and equipment (Mbola, 2004) .
Currently, the most promising and well developed uses of jatropha are for soap and candle making (Tigere et al, n.d.) . Soap production with jatropha oil has been promoted in Mali, Tanzania and Madagascar where it has gained recognition in the market as an anti-septic natural soap. However, the market for jatropha soap may not expand much beyond its current size due to the high price compared to ordinary soaps (van Eijck and Romijn, 2006) . As a country without proven petroleum resources, Kenya's economy is vulnerable to increases in the prices of petroleum products. The total import value of crude petroleum and petroleum products in 2005 was US$1,288,933,291 (Kshs. 97,598,000,000), which accounts for 23% of the country's total import expenditure of US $5, 688, 589, 540 (Kshs.430, 740 ,000,000) (Kenya, 2006a) . Governments must make careful decisions on whether the benefits from supporting the biofuel industry would exceed the loss of government tax revenue that would result from lower imports of petroleum products (Kojima, 2005) . As in other oil importing countries, biofuel policy is under discussion in Kenya. Interestingly, Kenya has a history of blending petroleum with ethanol made from sugarcane. Between 1983 and 1993, the government required oil companies to sell a petroleum blend composed of 65% super petroleum, 25 % regular petroleum, and 10 % of ethanol made of sugarcane. The blending requirement was discontinued due to unsustainable pricing and extensive lobbying by oil companies. The government has an interest in reintroducing power alcohol as a motor fuel in its long-term policy to enhance security of supply if it could overcome the problem of competitiveness in the market place (Kenya, 2004) . However, the government has taken a cautious approach towards reconsidering support for the biofuels industry, due to the experience of previous policy failures. In Kenya, various stakeholders in biodiesel industries formed the national biodiesel committee in January 2006 under the Ministry of Energy to have a collective voice in promoting policies such as blending mandates, tax mandates and production subsides (Kituyi, 2006; Kituyi 2007 ).
Policy support is a not straightforward issue. Different government policies affect different stages of the value chain for different actors. Tax reductions or exemptions, low-interest loans, and tax holidays to biofuel producers could produce a competitive margin for firms involved in the oil extraction and transesterification processes. Meanwhile, only direct subsidies to producers will affect the viability of feedstock production. However, it is likely that direct subsidies will be of much greater benefit to large-scale producers than smallholder farmers (Kojima, 2005) . India began its current biodiesel programme, the "National Mission on
Biodiesel," in 2003. The programme focuses primarily on production and processing of feedstock from jatropha and pongamia. The national biodiesel programme encourages states to adopt different combinations of policies to meet targets for increased biodiesel production, including subsidising water and electricity to set up plants, allowing companies to lease government wasteland, and undertaking state-owned jatropha plantations (Mohan, Phillippe and Shiju, 2006) . However, the main government support has focused on large-scale production, rather than production by smallholder farmers.
If the Government of Kenya does support the large-scale development of the biodiesel industry, it must consider the likely conflict of interest between local communities and the biodiesel industry concerning the "actual outcome" brought from different production channels in the jatropha biodiesel value chain. The pastoralist community living in the Tana Delta, the largest and most ecologically and biologically diverse wetland in East Africa, filed a suit in court to bar two organisations from setting up a Sh24 billion 12,000 hectares sugar project in the area. The pastoralist communities feared that they could lose their homes and that there would be damage to the ecosystem (Machuhi, 2007) . The government should analyze the socio-economic impact on local communities of potential land use changes, and base its policy decisions on the need for equitable benefits among different stakeholders. The government must propose a clear policy vision on the direction of jatropha biodiesel industry, whether focusing on the improvement of local livelihood by setting up small-scale processing facilities, or supporting the large-scale production by private enterprises.
Conclusions
The global rise in the price of petroleum prices and interest in renewable energy sources has resulted in increased interest in all types of biofuels across the developing world. Like other African countries, Kenya has seen a great increase in promotion of Jatropha curcas, a naturalized shrub that produces a non-edible oil suitable for biodiesel. Both private companies and non-governmental organizations are involved, claiming potential benefits for energy security, GHG mitigation and rural development.
Biodiesel production could become economically viable through a combination of higher petroleum oil prices, government waiver of the value added tax (VAT), and / or if the government established and maintained subsidies for a minimum purchasing price for jatropha seeds that considered farmers' opportunity costs of producing other cash crops. In order for processors of biodiesel to have secure sources of feedstock from smallholder farmers, they would need to make proper long-term purchase agreements with local farmers, offering attractive prices. Otherwise at the current recommended price of jatropha seeds, the profit that farmers are likely to obtain from producing jatropha is expected to be unattractive for smallholder farmers to start the production, compared with investing in other cash crops.
Therefore, smallholder farmers should make a rational choice on whether or not to introduce jatropha and the mode of production on their limited land.
This paper also assessed the case for jatropha and biodiesel production from the prospective benefits for each actor: the production of biodiesel with less expensive feedstock for private enterprises, access to alternative clean energy sources for the society as a whole, jatropha as an alternative income source for smallholder farmers, and lastly the national policy perspective on biodiesel as an alternative energy source and on policy equitability among different stakeholders. Unless large-scale production is achieved, it is not worthwhile for the private enterprises to launch the jatropha biodiesel production. The more that alternative clean energy is generated through large-scale production, the more the society as a whole will benefit. However, unless farmers are able to engage in oil extraction process through decentralized small-scale production, the benefit to local communities will be minimal. Further analysis is needed of the economic case for decentralized production of biodiesel and substitutes for kerosene.
There is some potential for the Clean Development Mechanism (CDM) to provide enough additional incentives to make jatropha economically viable, and a trial to promote jatropha production as a CDM project has been developed for Kenya (ECM, 2005 (Balint, 2006) . In this sense, unless a jatropha project that substitutes fossil fuels is large-scale, the project is unlikely to attract CDM financing. On the other hand, if the jatropha biodiesel industry grows and becomes very profitable, the scenario of business as usual (BAU) will apply. Project proponents would need to demonstrate that the biofuel project would not occur in the absence of CDM project activity.
Considering the uncertainties around large-scale jatropha production, van Noordwijk (2006) explores the possibility of safely integrating jatropha as a biofuel crop into agroforestry systems that can minimize risks to local farmers. In terms of income generation from jatropha, at this moment it may be better to promote the production of jatropha as a live fence for marking boundaries between houses and farms. In that farm niche, jatropha could generate small amounts of revenue that could be relatively steady if there was a vibrant market. 50. The production and marketing of leaf meal from fodder shrubs in Tanga, Tanzania: A pro-poor enterprise for improving livestock productivity.
